The recent debate on preimplantation genetic screening (PGS) has raised questions about its routine use in clinical practice. It has been suggested that the most effective way to resolve the debate about the usefulness of PGS is to perform more well-designed and well-executed randomized controlled trials (RCTs). However, in view of the lack of evidence for the effectiveness of PGS and the accumulating evidence for its harmfulness, it is our opinion that it is unethical to perform additional RCTs for the indication advanced maternal age using cleavage stage biopsy.
Preimplantation genetic screening (PGS) was introduced in clinical practice with the aim to improve pregnancy rates in subfertile couples, based on the assumption that high rates of chromosomal aneuploidy, frequently found in cleavage stage embryos of these couples, were responsible for the disappointingly low pregnancy rates after ART (Wilton, 2002) . Since the first reported pregnancies after PGS in 1995 (Verlinsky et al., 1995) , there has been a steady increase in the use of this technique. The most extensive registry available to date is that of the European Society for Human Reproduction and Embryology (ESHRE) PGD Consortium, which reported on 116 cycles of PGS performed worldwide in 1997 -1998 and 2087 cycles in 2004 (Harper et al., 2008b . The data from 2005 follows this trend with 2275 cycles (Goossens et al., 2008) . The total number of cycles performed worldwide each year is much higher, since only a limited number of PGS centers report their data to the consortium. A survey in 2005, among all US-based infertility centres, showed that 127 out of 186 centres (68%) performed PGS, with a total of 2197 cycles (Baruch et al., 2008) .
In the ongoing debate series 'what next for preimplantation genetic screening?', it was concluded that there is no evidence of increased live birth rates after PGS and the suggestion was made to perform more well-designed and well-executed randomized controlled trials (RCTs) (Jansen et al., 2008; Yakin and Urman, 2008; Harper et al., 2008a) .
In this contribution to the debate series, we wish to question the wisdom of this suggestion by a critical appraisal of the available data. To do so, we first performed a meta-analysis of randomized comparative data on PGS for the indication advanced maternal age that was published in peer-reviewed journals or in abstracts of scientific meetings. This meta-analysis shows a clear-cut and statistically significant reduction of ongoing pregnancies after PGS [odds ratio (OR): 0.56, 95% confidence interval (CI): 0.42 -0.76] (Fig. 1) . We then calculated the necessary power of a new RCT to shift the current common OR from 0.56 to a common OR significantly .1.0, indicative of a positive effect of PGS on ongoing pregnancy rates. Assuming a clinically relevant relative 20% increase in ongoing pregnancy rate after PGS in this new RCT, this trial should then include at least 6000 cycles and would yield a new common OR of 1.13 (95% CI: 1.01-1.26) (Fig. 2) .
There are two reasons why it is unethical to perform such a trial. The first reason is that the most important ethical condition to perform any trial, i.e. the concept of being in equipoise, is not met (Lilford and Jackson, 1995; Lilford, 2003) . It is, therefore, unethical to ask consent from potential participants and expose them to an ineffective, or even harmful, treatment. A well-known example of continuing with RCTs, when in fact a consistent statistically significant OR was already established, is the use of streptokinase as thrombolytic therapy for acute myocardial infarction, where in retrospect .30 000 patients were included in randomized trials over a period of 15 years only for narrowing CIs around the same mean effect in cumulative meta-analyses . If the same is true for PGS, then a new RCT of 6000 women will do nothing more than narrowing CIs at the cost of reducing the number of ongoing pregnancies in the PGS arm of the trial from an expected 621 to 385. This reduction in ongoing pregnancies is estimated by multiplying the number of pregnancies that would have been in the PGS arm of the trial if PGS was not applied (621), i.e. the number of cycles in the PGS arm of the trial (3000) multiplied by the ongoing pregnancy rate in the control group (0.207), with the relative risk of failure after PGS, i.e. one minus the relative risk (calculated from the common OR 0.56 using ongoing pregnancy (0.207) in the control group according to Zhang et al. (1998) ) of ongoing pregnancy after PGS (1 -0.62).
The second reason is that there are intrinsic limitations of the current PGS techniques that make it highly unlikely that a new trial for PGS will ever find an increase in ongoing pregnancies.
First, technical limitations apply to biopsy, fixation and FISH analysis, the three essential steps in PGS, which are all not without failure, not even in the hands of highly experienced personnel. Second, it is well-known that FISH analysis has in general a 92-99% accuracy per probe, so when using a multi-probe panel on one blastomere, the risk of misdiagnosis is significant. The low positive predictive value of the test will result in the exclusion of embryos for consideration for transfer that have the potential to be successful (Michiels et al., 2006; Deugarte et al., 2008) . Third, embryo mosaicism, the condition that the chromosomal constitution differs between blastomeres of the same embryo, is a frequent phenomenon among human preimplantation embryos. As a consequence, the cell biopsied during PGS is in many cases not representative of the genotype of the embryo. In the case of diploid -aneuploid mosaicism, the most frequent form of mosaicism among human preimplantation embryos (Bielanska et al., 2002; Baart et al., 2006) , aspiration of a normal blastomere will reduce the proportion of diploid blastomeres in the embryo and lead to transfer or cryopreservation of an embryo with an increased proportion of abnormal cells. Conversely, aspiration of an aneuploid blastomere will increase the proportion of normal blastomeres and lead to the discarding of these embryos, despite the fact that they have potential to be viable. Fig. 1 , but now a hypothetical RCT was added to show the number of patients needed in a new trial before meta-analysis will show a significant beneficial effect of PGS. A 20% ongoing pregnancy rate in the control group was assumed for this hypothetical RCT (which is the mean of the ongoing pregnancy rates per cycle in the control groups of the previous five RCTs) and a relative increase of 20% in ongoing pregnancy rate per cycle after PGS was assumed. Such a hypothetical RCT will have to include at least 6000 cycles before meta-analysis will show a significant positive effect after PGS, despite the very unlikely assumed success rate (20%) after PGS. The current available evidence on the efficacy of PGS has been put aside by some reasoning that the RCTs lack technical prowess causing them to be neither valid nor generalizable (Simpson, 2008) . When five trials from five independent established groups all show the same negative effect of PGS, setting them all aside, because they were of insufficient quality, is too simple. In fact, since all RCTs show the same effect of PGS, it seems only justified to generalize the outcome of these studies and to conclude that there is no beneficial effect of PGS in terms of increased ongoing pregnancy rates. Furthermore, the intrinsic limitations of PGS as described above provide a much better explanation for the inefficacy of PGS.
Advanced maternal age is the most common indication for PGS, but PGS has also been applied for other indications like recurrent implantation failure, recurrent early pregnancy loss, severe male factor infertility and more recently for good prognosis patients (Harper et al., 2008b) . Only one trial, presented as a poster at the ESHRE meeting in Barcelona, 2008 (Blockeel, P-522) , investigated patients with repeated implantation failure. The trial included 140 cycles and showed a relative risk of clinical pregnancy per cycle after PGS of 0.60 (95% CI: 0.35-1.03). For the indications recurrent early pregnancy loss and severe male factor infertility, no trials have been performed. For good prognosis patients, i.e. younger infertile women (,38 years of age) with multiple good quality embryos, four trials with a total of 374 patients have been performed (Meyer et al., 2006; Mersereau et al., 2007; Staessen et al., 2007; Jansen et al., 2008) . The evidence in these trials was insufficient to show benefit or harm.
When embarking on new RCTs for indications other than advanced maternal age using current techniques or new RCTs for any indication using emerging techniques, such as the analysis of all chromosomes, it is essential that pilot-studies should first clearly demonstrate the potential for benefit in terms of increased ongoing pregnancy rates per cycle. The lack of high-level evidence for the effectiveness of PGS after more than 10 years of practice and many thousands of cycles, the accumulating high-level evidence for no benefit, and even harm for women of advanced maternal age on one hand, and the unavoidable technical drawbacks and the obscuring effects of chromosomal mosaicism on the other hand, should make any other approach untenable.
